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Abstract Utilizing multipoint observations by the Cluster satellites, we investigated the ion 
distributions of the fast bulk flows (FBFs) in the plasma sheet. Simultaneous observation by C1 and 
C3 revealed that parallel-dominant and perpendicular-dominant components of the flows coexist and 
correspond to B,-dominant and B,-dominant magnetic field regions within the FBFs, respectively. In 
both cases, the ions distributions are characterized by a single-beam/crescent shape. In particular, no reflected 
ions are found within the FBFs. Statistical analysis showed that within the FBFs, the strength of the B, 
component is typically less than 5 nT for B-dominant regions and above 10 nT for B,-dominant regions. To 
distinguish between the parallel-dominant component of the FBFs and the field-aligned beams in the plasma 
sheet boundary layer (PSBL), we further statistically analyzed the tailward parallel flows (TPF) with positive B, 
in the plasma sheet. The results indicated that the FBFs tend to have higher velocity, weaker B, and higher 
magnetic tilt angle (Amra) than the TPFs/PSBL beams. Statistically, in the region of B > 30nT (Amra > 10°), only 
PSBL beams can be observed, while in the region of B < 10 nT (mra > 30°), the FBFs are dominant. In the 
intermediate region (10° < Amra < 30°) of the plasma sheet, the FBFs and the PSBL beams cooccur. These 
Cluster observations suggest that the X line can produce both perpendicular flow in central plasma sheet and 
parallel flow in the PSBL. In addition, the parallel-dominant component of the FBFs could be an important origin 
for the PSBL beams. 


1. Introduction 


Fast flows in the plasma sheet play a dominant role in mass and energy transport in the magnetotail 
[Angelopoulos et al., 1994; Schédel et al., 2001; Baumjohann, 2002; Zhang et al., 2009]. They often occur during 
substorms [Akasofu, et al., 1981; Hones, 1973; Lui et al., 1977a, 1977b; Lui et al., 1983] and may result from cur- 
rent disruption in the near-Earth region, as outflows from near-Earth reconnection, or from the distant tail 
neutral line [Lui, 1991; Baker et al., 1996; Lui, 1996; Shiokawa et al., 1998; Nakamura et al., 2001a, 2001b; 
Angelopoulos et al, 2008; Nishimura et al, 2011; Lyons et al, 2012; Angelopoulos et al., 2013; Zhang 
et al., 2015a]. 


According to Baumjohann et al. [1990], the fast observed flows exceeded 400 km/s for less than 10s. Such 
short life-time fast flows are also called bursty flows. The bursty fast flows are typically convective in the cen- 
tral plasma sheet (CPS) and parallel in the plasma sheet boundary layer (PSBL). Angelopoulos et al. [1992] 
found that the convective bursty flows in the inner CPS are usually groups which had durations of up to 
10 min. These grouped bursty flows are also named as bursty bulk flows (BBFs). BBFs are mainly considered 
as signatures of instantaneous, localized magnetic reconnection in the near-Earth magnetotail [e.g., Nagai 
et al., 1998; Zhang et al., 2010]. 


Fast flows in the CPS and the PSBL can be easily distinguished from each other according to the angles 
between the velocity of the ions and the magnetic field (@yg) [Paterson et al., 1998; Petrukovich et al., 2001]. 
However, their relationship is still under debate [Birn et al., 1986; Schindler and Birn, 1987; Angelopoulos 
et al., 1993; Raj et al., 2002; Birn et al., 2004; Lennartsson et al., 2009]. On one hand, they do exhibit several com- 
mon properties, including: similar proton flux, energy, hot ion density, time scale, and occurrence 
[Baumjohann et al., 1990; Lennartsson et al., 2001, 2009]. On the other hand, the FBF and the PSBL beams have 
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different field strengths, magnetic tilt angle, and ion distributions [Baumjohann et al., 1988, 1989; Nakamura 
etal., 1991, 1992]. Utilizing Wind observations, Raj et al. [2002] statistically analyzed the ion distributions of all 
the fast flows in the plasma sheet. They found that fast flows in the plasma sheet can be divided into two 
categories: the bulk flow and field-aligned beams. The bulk flow can be observed in both the CPS and the 
PSBL. The bulk flow is perpendicular to the magnetic field in the CPS but has a large field-aligned component 
in the PSBL. The bulk flows in the CPS and the PSBL have the same isotropic ion distribution, while the 
field-aligned flows in the PSBL have the beam-like ion distribution with a low-energy cutoff. 


lon velocity distributions contain important information to help understanding the origins of the fast flows in the 
plasma sheet. Typically, the convective fast flows in the CPS have “kidney bean” or isotropic shape ion distribu- 
tions, while the parallel fast flows in the PSBL are characteristic of single-beam or double-beam ion distributions 
[Sarris et al, 1978; Takahashi and Hones, 1988; Williams, 1981]. Traditionally, the PSBL beams are thought to be 
produced by the far-tail X lines [e.g., Ashour-Abdalla et al, 1991; Nakamura et al, 1992; Onsager et al, 1991; 
Grigorenko et al., 2007, 2009], while the isotropic shape ion distributions associated with the convective fast flows 
in the CPS are generated by the near-Earth X lines [Angelopoulos et al., 1989; Nakamura et al., 1991; Raj et al., 2002]. 


The PSBL is an important dynamic region where the magnetic field lines are directly connected to the auroral 
region [DeCoster and Frank, 1979; Lyons et al., 2010]. Lui et al. [1977a, 1977b] first found that a large number of 
fast flows in the PSBL exist. These fast flows move mainly along the magnetic field lines in both earthward 
and tailward directions [Williams, 1981; Green and Horwitz, 1986; Angelopoulos et al., 1989]. Reflected beams 
at the magnetic mirror point can account for tailward parallel flows (TPFs) in the PSBL [Andrew et al., 1981; 
Eastman et al., 1984, 1985; Zhang et al., 2015b]. 


The organization of this paper is as follows. In section 2, we show three typical ceases. Case 1 shows the simul- 
taneous observation of the parallel-dominant and perpendicular-dominant components in the same FBF by C1 
and C3. Case 2 shows the spatial evolution of the ion distribution from parallel-dominant to perpendicular domi- 
nant within the FBF observed by C3. Case 3 shows the transition of the ion distributions of the PSBL beam from 
earthward to tailward. In section 3, we present the data used in this study and the selection criterion of the FBFs 
and the TPFs as well. Section 4 shows the statistical analysis of the internal structure of the ions and the magnetic 
field in south-north direction within the FBF. In section 5, we statistically analyze and compare the properties of 
the FBFs with the TPFs. In section 6, we discuss the possible formation mechanism for the coexistence of parallel- 
dominant and perpendicular-dominant components within the FBFs. In addition, the explanation of the scarcity 
of the reflected ions inside the FBF is given. Conclusions are provided in section 6. 


2. Case Studies 
2.1. Simultaneous Observations by C1 and C3 


A strong FBF appeared at 23:43 UT on 07 August 2001. The corresponding temporal evolution of the 
magnetic field and ions are shown in Figure 1. The two flows observed by C1 and C3 have similar velocity, 
and high ion temperature (~40 MK), and low ion density (~0.1 cm~?). Before and after the flow, C1 and C3 
are both located in the outer plasma sheet (OPS) where B, component is about 20 nT. In the following period 
the flow, strong magnetic field fluctuations are present at both C1 and C3 locations. The B, component at the 
C1 location remains positive and is mainly above 10 nT, while the B, component at the C3 location becomes 
negative and the absolute value is mainly less than 10 nT. 


At 23:45:45 (marked by the dashed line), C1 is located at (—17.1 Rg, —8.4 Re, 2.2 Re) and C3 is located at 
(—17.3 Re, —8.3 Re, 2.0 Re). The B, component is almost zero for C3, and 12 nT for C1. The B, component 
is almost zero for C3, and 5nT for C1. Clearly, C1 is located in the CPS, while C3 is located in the OPS. 
The magnetic field is B,-dominant for C3 and B,-dominant for C1. The angle Oyzg is nearly 90° at C3, and 
about 140° at C1. Thus, the FBF is perpendicular-dominant at C3, and parallel-dominant at C1. 


The simultaneous ion distributions observed by C1 and C3 at 23:45:45 are shown in Figure 2. The ion distribu- 
tions in both the V,, and V,, planes at C1 and C3 are almost the same. Both are beam-like with a low-energy 
cutoff (lack of ions in the low-velocity regime in the V,y and V,z planes). Both are single-beam/crescent shape. 
Moreover, both positions of the peak ion density (PID) are located at V, axis. The similarity in the ion distribu- 
tions implies that the ion motion remains consistent at C1 and C3. lon motions at C1 and C3 are both directed 
mainly toward the Earth. 
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Figure 1. The fast flows simultaneously observed by C1 and C3 on 07 August 2001. First and second panels show the 
magnetic field observed by C1 and C3. Third and fourth panels show the plasma velocities observed at C1 and C3. Fifth 

to seventh panels are the ion density, ion temperature, and the angle between the flow velocity V and the magnetic field B, 
respectively. Corresponding to the dashed line, B, remains large at C1 but switches sign at C3, demonstrating C3 crossing 
the CPS. Positive Vy (red) indicate fast earthward flow simultaneously observed by C1 and C3. 
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Figure 2. The ion distributions at 23:45:45 by C1 (upper) and C3 (bottom). 
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Figure 3. The fast flow near the current sheet on 30 Aug, 2002 observed by C3 From top to bottom, the panels are 
respectively magnetic data (By, By, Bz, and total B), ion density, the three components of the velocity, temperature, 
and the angle between the flow and the magnetic field. The dashed line indicates the time when C3 is crossing the 
current sheet. 


In the V||-V,, plane, the ion distributions at C1 and C3 are also quite similar. Both are crescent shape. However, 
the positions of the PID are distinctly different. The position of the PID is located close to the Vy axis at the C1 
location and to the V, axis at the C3 location. This is consistent with the observed parallel-dominant and 
perpendicular-dominant components at C1 and C3, respectively. 


Combined ion distributions in Figure 2 indicate that the difference of the 0g between C1 and C3 is due to the 
variation of the direction of the magnetic field B. According to Figure 1, the magnetic field is B,-dominant and 
the direction of the magnetic field is Sun-Earth directed at C1. Meanwhile, the magnetic field is B-dominant, 
and the direction of the magnetic field is mainly in the south-north direction at C3. As a consequence, the 
earthward-moving FBF is perpendicular-dominant at C3, and parallel-dominant at C1. 


It is worth noting that a double-layer structure exists in the ion distribution in Figures 2. Such multiple-layer 
structure can occasionally be seen in the FBF near the current sheet. Each layer is beam shaped. We checked 
the associated-energy distribution of the different ion species. It seems that the number of other ion species 
is too low to affect the ion distribution. In addition, the multiple-layer structure always shows a single peak, 
but with a very broad energy range of the ions from several hundred eV to above several tens of keV (not 
shown here). It appears that the count rate of the ions in certain energy range may be lower than that in 
the others, which then causes the double- or multiple-layer structure in the ion distributions. 


2.2. FBF Near the Current Sheet 


Typically, the B,-dominant magnetic field appears in and/or near the current sheet. To understand the spatial 
evolutions of the ions and the magnetic filed inside the FBF in the north-south direction, we further analyzed 
the ion distributions of the FBFs near the current sheet. 
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(b). Ion distributions (taken at times denoted by the dashed lines in Figure 4(a)) 


Figure 4. (a) The temporal evolutions of the magnetic field from 1s resolution FGM data. (b) lon distributions (taken at 
times denoted by the dashed lines in Figure 4a). 


A strong FBF near the current sheet event was observed by C3/Cluster on 30 August 2002. The temporal 
evolution of the magnetic field and ions in the FBF (in GSM coordinates) is shown in Figure 3. The FBF 
continues from 15:07 UT to 15:16 UT. In this interval, C3 was located near midnight at X ~—18.6 Rg. The 
magnitude of the total B associated with the fast flow is weak and mostly less than 10 nT. The B, component 
experienced several reversals which indicate that C3 crossed the current sheet several times. The maximum 
velocity of the flow exceeded 1000 km/s. The dominant ion component associated with the flow has a low 
density less than 0.1 cm~? and a high temperature about 40 keV. The angle between the flow velocity and 
the magnetic field (yg) strongly fluctuated between 40° and 160°. As a whole, the FBF has a significant 
parallel component. 
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Figure 5. The bidirection beams in the PSBL on 18 August 2006. The dashed lines corresponds to the earthward, absence, and 
tailward beams, respectively. 


Around 15:12 (denoted by the dashed line), the B, component at C3 is almost zero. C3 crosses the current sheet 
from the north hemisphere to the south hemisphere. We choose this crossing to do the analysis. 


The 1s resolution FluxGate Magnetometer (FGM) data in the period from 1511:50 UT to 1512:15 UT 
(corresponding to the dashed line in Figure 3) is shown in Figure 4a. In this interval, the B, and B, compo- 
nents strongly fluctuate, which is consistent with an Alfvén wave, and/or the turbulent magnetic field near 
the reconnection site [Nakamura et al., 2006; Dai et al., 2011]. The Bx component gradually changed from 
10 nT to —5 nT. The B, components mainly change around zero with an absolute values less than 5 nT. The direc- 
tion of the magnetic field gradually changed from B,-dominant to B,-dominant. In particular, Bx was almost zero 
around 1512:01 UT as C3 crosses the current sheet. 


The corresponding 4s resolution ion distribution from 15:11:54 UT to 15:12:19 UT is shown in Figure 4b. 
The ion distribution is characterized by a single component beam-like shape with low-energy cutoff 
in the V,-V, and V,-V, planes (GSM coordinates). The crescent-shape of the ion distribution remains 
almost unchanged in this interval. The position of the peak ion density is located close to the positive 
V, axis, which is consistent with earthward moving thermal ions. Similarly, the ion distributions in the 
V\-V.1 plane are also beam-like with a low-energy cutoff. However, the position of the peak ion density 
continuously moves from Vy axis to V,; axis. Correspondingly, the flow gradually changes from being parallel- 
dominant to being perpendicular-dominant. 


Combined magnetic field and ion distributions in Figure 4 clearly showed that within the FBF, the 
magnetic field has gradually changed from B,dominant (south-north direction) to B,-dominant 
(Sun-Earth direction) while away from the neutral sheet. Along with the evolution of the magnetic field, 
the FBF gradually changes from perpendicular-dominant to parallel-dominant. As a whole, yg depends 
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Figure 6. lon distributions corresponds to the different states of the beams denoted by the three dashed lines in Figure 5, 
respectively. 


on the direction of the magnetic field, which is predominantly determined by the magnitude of the 
Bx component. 


2.3. Bidirection Beams in the PSBL 


A typical bidirection beam event in the PSBL on 18 August 2006 was recorded by C3. Corresponding temporal 
evolutions of the magnetic field and the hot ions from 05:35 UT to 05:55 UT are shown in Figure 5. The mag- 
nitude of By component is about 30 nT. This indicates that C3 is located in the PSBL. The fast earthward flow 
begins at 05:36. The velocity of the flow reaches the peak (~250 km/s) at 05:39. The velocity is almost zero at 
05:44. Afterward, a tailward fast flow is observed. 


The ion distributions related to the beam are shown in the Figure 6. The three ion distributions correspond to 
the earthward fast flow, the zero-velocity interval, and the tailward fast flow, respectively. All the three ion dis- 
tributions are characterized by the double-beam shape with low energy cutoff. At 05:40:19 UT, the ion density of 
the beam is much stronger in the positive V} axis than in the negative V} axis. The flow moves earthward. At 
05:44:02 UT, the ion densities of the two beams are almost equal. The resulting velocity moment is almost zero. 
At 05:45:53 UT, the flow moves tailward. The density is higher in the negative V} direction because more ions are 
flowing tailward than earthward. 


3. Flow Selections 


The 4s resolution data of the magnetometer FGM [Balogh et al., 2001] and the plasma analyzer HIA data 
[Rème et al., 2001] on C3 were collected from 2001 to 2006. The selection region is chosen to be inside a 
box of —19 Rg < X < —10 Re, —10 Re < Y < 10 Re and —6 Re < Z < 6 Rẹ (in the GSM coordinates). 


The selection criterion of a FBF event is that: the duration time of V, > 200 km/s exceeds 20 s and B; > 0 and 
45° < yg < 135°. There are in total 424 FBF events selected. 


To ensure that the selected parallel fast flows are PSBL beams, we use tailward parallel flows (TPF) in this 
study. The selection criterion of the TPF is adopted as that: the duration time of V< —200 km/s exceeds 
20s and B, > 0 and Oyg < 45° or > 135°. From 2001 to 2006, there are 167 TPF events selected in total. To verify 
if the selected TPFs are PSBL beams, we checked the ion distributions of all 167 TPFs events. The ion distribu- 
tions of all TPFs events are characteristic of the double beams. Clearly, the selected TPFs are the PSBL beams. 
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Figure 7. (a) Data points versus By. (b) Events number versus By. 


Totally, 8275 points of 4s resolution effective data points are col- 
lected from all FBF events. Then, all the data points are arranged 
into small bins with a step of 5 nT. 


4.2. Ove versus Bx 


4. Internal Structure of the FBF 
4.1. B, Within the FBF 


The 4s resolution data points of the ions and 
the magnetic field of all FBF events in the per- 
iod of V,>200 km/s are collected. There are 
in total 8275 data points. Each data point 
within the FBF is arranged into small bins with 
a step of 5nT. 


The distribution of the data point number 
with B, is shown in Figure 7a. The data points 
have a wide distribution from —30nT to 
30nT. The distribution of the data points is 
quite symmetric. This suggests that the struc- 
ture of the FBF is symmetric on the two sides 
of the current sheet. Most of the data points 
are located in the weak magnetic region of 
B, less than 15 nT. 


The distribution of the event number with B, is 
shown in Figure 7b. The magnitude of |Bx| 
within the FBF has a wide distribution from 0 
to 25nT. In addition, the occurrence peaks in 
the neutral sheet where |Bx| is less than 5 nT. 
The occurrence decreases sharply with B, 
increasing. This is related to the crossing-orbit 
of C3 within the FBF shown in Figure 7a. 


The distribution of the angle between the bulk velocity and the magnetic field (yg) with B, for each data 
point is shown in Figure 8. The variations of Avg with Bx in the northern hemisphere and southern hemisphere 
have similar tendency. The magnetic field within the FBF can be divided into three different regions depend- 


ing on the variation of the Oys: 


1. The B,-dominant region: corresponding to the regime of |B,| <5 nT. In this region, the magnetic field is 
mainly in the north-south direction. The averaged yg sharply decreases with B, increasing from 90° to 
60° in the northern hemisphere and increases with B, decreasing from 90° to 120° in the southern hemi- 


sphere. The perpendicular component is dominant. 
2. 


180 


Figure 8. yg versus By. 


The B,-dominant region: corresponding to the 
regime of |Bx| > 10 nT. In this region, the magnetic 
field is mainly in the Sun-Earth direction. The aver- 
aged Og tends to slowly increase with the abso- 
lute value of B, increasing. As |Bx| increases from 
10nT to 40 nT, the average value of the Ag varies 
from about 50° to 20° in the northern hemisphere, 
and from 130° to 160° in the southern hemi- 
sphere. The parallel component is dominant. 
The intermediate region: corresponding to 
the residual regime of 5nT <|B,|<10nT. 
In this region, the magnetic field varies from 
B, -dominant to B,-dominant, and the FBF 
is gradually translated from perpendicular- 
dominant to parallel-dominant. The yg rapidly 
decrease/increase with B, increasing in the 
northern/southern hemisphere. 
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Figure 9. Probabilities of velocity. 


5. Comparing FBF With TPF 


The 4s resolution data points are collected for 
each FBF/TPF over its duration. The flow velocity 
and other physical parameters in each FBF/TPF 
event are defined as average values over the 
event duration. 


5.1. Velocity 


The probability of the bulk velocity (V) of the FBF is 
shown in Figure 9a. The value of the velocity has a 
wide range from 250 km/s to 500 km/s. The most 
probable TPF velocity observed is about 300 km/s. 


The probability of the bulk velocity, V, of the 
TPF is shown in Figure 9b. The probability of 
the TPF peaks around 300km/s. Above 
250 km/s, the probability of the TPF decreases 
rapidly with V increasing. The TPF seldom have 
higher velocity above 450 km/s. Comparing with 
Figure 9a, the FBF clearly tend to have a higher 
velocity than the TPF. 


5.2. Magnetic Field 


The probability of the magnetic field (B) values of 
the FBF is shown in Figure 10a. The occurrence is 


distributed dominantly between 5nT and 25nT with peaks around 10nT. Seldom FBF occur for B above 
25 nT. This is basically consistent with the previous results [e.g., Baumjohann et al., 1990]. 


The probability of B values of the TPF is shown in Figure 10b. The occurrence is distributed dominantly 
between 10nT and 35 nT with the peak around 25 nT. A certain number of TPF events have stronger B than 
40 nT. Comparing with Figure 10a, the TPF is dominant flow in the region of B above 20nT and the FBF is 
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Figure 10. Probabilities of B. 


dominant in the region of B below 20 nT. 


5.3. Omta 


The magnetic tilt angle (mra) is calculated as 
arctan g (62 + 6) ) The probability of 


mra Values of the FBF is shown in Figure 11a. 
The mra has a wide distribution from 0° to 90°. 
Most of the FBFs occur between 5° and 35°. 
Below 35°, the occurrence of the FBF has no clear 
change. Above 35°, the occurrence of the FBF has 
a sudden decrease. 


The probability of mta values of the TPF is 
shown in Figure 11b. The mta predominantly 
varies between 0° and 30°. The TPF seldom occur 
for mra above 30°. The occurrence of the TPF 
rapidly decreases with the mra increasing. 
Comparing with Figure 8a, in the region of 
Outta < 30°, both TPF and FBF occur. However, 
in the region of Oyta>30°, only FBF can 
be observed. 


From analysis above, the FBF tend to have a 
higher velocity, weaker B and higher mra than 
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0.03 


the TPFs/PSBL beams. In the region of 
B>30nT and/or mra < 10°, only PSBL 
0.02 ] beams can be observed. While in the region 
of B<10nT and/or mra > 30°, the FBF is 
dominant. In the intermediate region 
(10nT<B<30nT), the FBF and the PSBL 
beams coexist. 
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6. Discussion and Conclusions 


Most FBFs include perpendicular and paral- 
lel components. Previous studies showed 
that the FBFs in the CPS are typically 
perpendicular-dominant, and their parallel 
components are quite small [Baumjohann 
et al., 1989, 1990; Petrukovich et al., 2001]. 
In this study, we have shown that C1 
0 30 60 90 observe a clear perpendicular-dominant 
degree) component and C3 observed a clear 
parallel-dominant component within the 
Figure 11. Probabilities of Ota). same FBF. The perpendicular-dominant 
and _parallel-dominant components are 
located in the weak- B, and strong-B, mag- 
netic field regions, respectively. This has never been reported before as far as we know. It suggests the X line 
(at least at times) produces perpendicular flow in the CPS and parallel flow in the PSBL. 
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A second interesting result of this paper concerns the beam-like or crescent shape of the ion distribution 
of the FBF. Traditionally, such a shape of the ion distribution was thought to occur only in the PSBL 
[Nakamura et al., 1992, Raj et al., 2002]. The perpendicular-dominant component within the FBF was 
especially found to have such beam-like ion distributions near the CPS. Our result suggests that near- 
Earth magnetic reconnection could produce the crescent shape of the ion distribution in both the CPS 
and the OPS/PSBL (a somewhat related study [Hietala et al., accepted], which just appeared online, 
independently came to a similar conclusion). 


The simultaneous observations of the PSBL beams and the bursty flows near the current sheet have been 
reported by Zhou et al. [2012]. However, in their study (Figure 2 in Zhou et al. [2012]), the ion distribution 
has two different components. One is isotropic and the other is beam-like which correspond to the bursty 
flow and PSBL beam, respectively. The ion energy of the beam is distinctly higher than the isotropic compo- 
nent, and the bursty flow and the beam have different origins. Hence, the simultaneous beam in Zhou et al. 
[2012] is not the parallel component within the FBF as presented here, but instead the PSBL beam. 


Simultaneous observations by C1 and C3 reveal that the B,-dominant and B,-dominant magnetic field 
regions can coexist in the same flux tube. This implies that the FBF should have larger thickness than the thin 
current sheet in the outflow region. The thin current sheet is usually formed during the late growth and 
expansion phase of a substorm in the near-Earth region with a thickness from 500 km to 1 Rẹ [Petrukovich 
et al., 2007; Nakamura et al., 2008]. Furthermore, the scale of the current sheet near the magnetic reconnec- 
tion region could be less than 1000 km, which is on the same order of ion inertial length or ion gyroradius 
[Runov et al., 2003; Nakamura et al., 2002, 2006; Dai et al., 2015]. Our results show that the fast flow in the out- 
flow region could be wider than the current sheet thickness, occupying the B,-dominant and B,-dominant 
magnetic field regions at the same time. 


Based on multipoint analysis, Nakamura et al. [2004] found that the width of the BBF is 1.5-2 Re in the 
north-south direction. Probably, the FBF could intrude into the PSBL, and the parallel component could be 
an important genesis of the beams in the PSBL. In addition, the braking of the convective flows in the 
near-Earth region could also turn the FBF into the PSBL beams. Here we suggest that the parallel component 
of the FBF could be an important origin of the PSBL beams. 
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From the case analysis, we noticed that the parallel component within the FBF is characteristic of a single- 
beam structure, while the PSBL beams are typically double-beams structures. To answer the question 
whether the parallel component within the FBF could also be reflected back, we manually checked the ion 
distributions of all 424 FBF events case by case. No double-beam ion distribution was found. In other words, 
no reflected ions can be seen inside the FBF. 


Usually, beam ions moving along the magnetic field lines would be lost to the ionosphere/atmosphere due to 
the precipitation [Ashour-Abdalla et al., 1992]. However, the precipitation of the ions can not explain the scar- 
city of the reflected ions within the FBF. Our explanation is that nonreflected ion within the FBF is related with 
the bulk motion of the FBF. All ions within the FBF, including the parallel-dominant and perpendicular- 
dominant ion components, move together in the same velocity toward the Earth. This can be clearly seen 
from the ion distribution of the FBF. The perpendicular-dominant component would stop/brake in the near 
Earth region (between 13 and15 Rẹ) [Shiokawa et al., 1997]. Afterward, the FBF could be possibly turned into 
PSBL beam in the deceleration/braking region because the parallel-dominant component was not affected 
by the braking. Thus, the reflected ions of the parallel component could not be directly observed inside 
the FBF before the braking. 


In conclusion, we found cases in which both the perpendicular-dominant and parallel-dominant components 
of the flow, corresponding to the B,-dominant and B,-dominant magnetic field, respectively, coexist inside the 
FBF. Statistical analysis showed that the strength of the B, component within the FBF is typically less than 5 nT 
for B,-dominant region and above 10 nT for B,-dominant region. Further analysis showed that the FBF tends to 
have higher velocity, weaker B and higher @yta than the PSBL beam. Typically, in the region of B > 30 nT and/or 
Outa < 10°, only PSBL beams can be observed. While in the region of B < 10 nT and/or, Ota > 30°, the FBF is 
dominant. In the intermediate region (10° < Ota < 30°), the FBF and the PSBL beams coexist. 
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